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1
PHOSPHATE-BINDING MAGNESIUM SALTS
AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of prior application Ser.
No. 13/544,949, filed on Jul. 9, 2012, now abandoned, which
is a continuation of prior application Ser. No. 12/422,012,
filedon Apr. 10,2009, now U.S. Pat. No. 8,247,000, which are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

Like other diseases for which there is no cure, chronic
kidney disease takes an ever-increasing toll on patients who
have it. As the disease progresses, the kidney becomes less
efficient at removing various ions from the blood. Among
these ions is phosphate, which can form insoluble particles
when combined with calcium. In end-stage renal disease, the
final stage of chronic kidney disease, kidney function is so
compromised that phosphate levels in the blood (serum)
become markedly elevated. This condition, known as hyper-
phosphatemia, carries with it many grave health risks. For
example, when serum phosphate and calcium levels are above
a certain threshold, hardened deposits may form throughout
the body, endangering circulation. It is therefore very impor-
tant to control serum phosphate levels in patients with end-
stage renal disease.

Patients with end-stage renal disease may be advised to eat
a diet low in phosphate. However, phosphate is present at
some level in almost all the foods we eat. For this reason,
phosphate binders were developed. Phosphate binders are
compounds taken orally and which act in the gastrointestinal
tract to bind phosphate and keep it from being absorbed.
Phosphate binders are generally taken with each meal. Phos-
phate binders known in the art include, for example, various
salts of aluminum and calcium, as well as some chemically
synthesized crosslinked polymers. There are clinical circum-
stances in which the administration of aluminum or calcium
salts is ill-advised. In animal models, certain crosslinked
polymers carry with them elevated risks of carcinogenesis.
Therefore, there is a need for safer and more eftective phos-
phate binders.

SUMMARY OF THE INVENTION

The present invention encompasses the discovery that cer-
tain magnesium salts are surprisingly effective in phosphate
binding. Thus, the present invention provides therapeutic
compositions and methods for removing phosphate from a
mammalian subject based on one or more phosphate-binding
magnesium salts. Among other things, phosphate-binding
magnesium salts of the invention are particularly useful when
they are used in combination with other phosphate-binders
(e.g., calcium salts) in treating hyperphosphatemia. For
example, a combination of a magnesium salt with a calcium
salt may provide effective phosphate-binding while reducing
the total dose of calcium and, at the same time, providing
better nutritional balance. Therefore, the present invention
provides phosphate-binding compositions and methods that
are safer and more effective.

In one aspect, the present invention provides a composition
suitable for treating hyperphosphatemia comprising a thera-
peutically effective dose of at least one calcium salt and at
least one phosphate-binding magnesium salt. In some
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embodiments, the at least one phosphate-binding magnesium
salt binds at least about 50 mg phosphate per gram magne-
sium salt.

In some embodiments, the therapeutically effective dose of
at least one calcium salt contains about 20 mg to 1200 mg of
calcium. In some embodiments, the therapeutically effective
dose of at least one calcium salt contains less than about 2000
mg (e.g., less than about 1800 mg, less than about 1600 mg,
less than about 1400 mg, less than about 1200 mg, less than
about 1000 mg, less than about 800 mg, less than about 600
mg, less than about 400 mg, less than about 200) of calcium.

In some embodiments, the therapeutically effective dose of
at least one phosphate-binding magnesium salt contains
about 20 mg to 1200 mg magnesium. In some embodiments,
the therapeutically effective dose of at least one phosphate-
binding magnesium salt comprises less than about 1200 mg
magnesium.

In some embodiments, the at least one calcium salt is
selected from the group consisting of calcium acetate, cal-
cium aceturate, calcium adipate, calcium alaninate, calcium
alginate, calcium aminobutyrate, calcium arginate, calcium
ascorbate, calcium aspartate, calcium benzoate, calcium
besylate, calcium betainate, calcium bromide, calcium
buteprate, calcium butyrate, calcium caproate, calcium carbe-
silate, calcium carbonate, calcium carboxymethylcellulose,
calcium camitinate, calcium chloride, calcium ciclotate, cal-
cium citrate, calcium cypionate, calcium enanthate, calcium
esylate, calcium ethandisulfonate, calcium formate, calcium
fumarate, calcium glucarate, calcium gluceptate, calcium
gluconate, calcium glucuronate, calcium glutamate, calcium
glycinate, calcium hippurate, calcium hyclate, calcium
hydroxide, calcium iodide, calcium isethionate, calcium lac-
tate, calcium lactobionate, calcium levulinate, calcium lysi-
nate, calcium malate, calcium maleate, calcium mesylate,
calcium metilsulfate, calcium methylsulfate, calcium naph-
thoate, calcium napsylate, calcium nicotinate, calcium
nitrate, calcium oleate, calcium orotate, calcium oxide, cal-
cium oxoglurate, calcium pamoate, calcium pantothenate,
calcium picolinate, calcium pivalate, calcium polygalactur-
onate, calcium propionate, calcium sorbate, calcium steag-
late, calcium stearate, calcium stearyl-2-lactylate, calcium
succinate, calcium sulfate, calcium sulfite, calcium tartrate,
calcium tebutate, calcium tosylate, calcium triflutate, calcium
xinafoate, and combination thereof.

In some embodiments, the at least one phosphate-binding
magnesium salt is selected from the group consisting of mag-
nesium aminobutyrate, magnesium arginate, magnesium
aspartate, magnesium betainate, magnesium carnitinate,
magnesium glycinate, magnesium hydroxide, magnesium
lysinate, magnesium oxide, magnesium propionate, and com-
bination thereof.

In some embodiments, the mass ratio of the at least one
calcium saltto the at least one phosphate-binding magnesium
saltis between about 100:1 and about 1:100. In some embodi-
ments, the mass ratio of the at least one calcium salt to the at
least one phosphate-binding magnesium salt is between about
10:1 and about 1:10. In some embodiments, the mass ratio of
the at least one calcium salt to the at least one phosphate-
binding magnesium salt is between about 3:1 and about 1:3.
In some embodiments, the mass ratio of the at least one
calcium saltto the at least one phosphate-binding magnesium
salt is between about 2:1 and about 1:2. In some embodi-
ments, the mass ratio of the at least one calcium salt to the at
least one phosphate-binding magnesium salt is between about
3:2 and about 2:3. In some embodiments, the mass ratio of'the
at least one calcium salt to the at least one phosphate-binding
magnesium salt is between about 5:4 and about 4:5. In some
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embodiments, the mass ratio of the at least one calcium salt to
the at least one phosphate-binding magnesium salt is about
1:1. In some embodiments, the mass ratio of the at least one
calcium salt to the at least one phosphate-binding magnesium
salt is about 10:9.

In some embodiments, the at least one calcium salt com-
prises calcium acetate, and the at least one magnesium salt
comprises magnesium glycinate.

In some embodiments, the therapeutically effective dose of
calcium acetate is about 340 mg and the therapeutically effec-
tive dose of magnesium glycinate is about 300 mg.

In another aspect, the present invention provides a compo-
sition suitable for treating hyperphosphatemia containing a
therapeutically effective dose of at least one phosphate-bind-
ing magnesium salt, wherein the at least one phosphate-bind-
ing magnesium salt binds at least about 50 mg (e.g., at least
about 75 mg, 100 mg, 125 mg, 150 mg, 175 mg) phosphate
per gram. In some embodiments, the at least one phosphate-
binding magnesium salt binds at least about 100 mg phos-
phate per gram.

In yet another aspect, the present invention provides a
composition suitable for treating hyperphosphatemia con-
taining a therapeutically effective dose of at least one phos-
phate-binding magnesium salt, wherein the at least one phos-
phate-binding magnesium salt is not magnesium carbonate.
In some embodiments, the at least one phosphate-binding
magnesium salt binds at least about 50 mg (e.g., at least about
75 mg, 100 mg, 125 mg, 150 mg, 175 mg) phosphate per
gram.

In some embodiments, the at least one phosphate-binding
magnesium salt is selected from the group consisting of mag-
nesium aminobutyrate, magnesium arginate, magnesium
aspartate, magnesium betainate, magnesium carnitinate,
magnesium glycinate, magnesium hydroxide, magnesium
lysinate, magnesium oxide, magnesium propionate, and com-
bination thereof.

In some embodiments, the therapeutically effective dose of
at least one phosphate-binding magnesium salt contains
about 20 mg to 1200 mg magnesium. In some embodiments,
the therapeutically effective dose of at least one phosphate-
binding magnesium salt contains less than about 1200 mg
magnesium.

In some embodiments, the composition further contains a
calcium salt. In some embodiments, the calcium salt is
present in an amount that provides about 20 mg to 1200 mg
calcium. In some embodiments, the calcium salt is present in
an amount that provides less than 2000 mg calcium. In some
embodiments, the calcium salt is present in an amount that
provides less than 600 mg calcium.

In still another aspect, the present invention provides a
composition suitable for treating hyperphosphatemia consist-
ing essentially of a calcium salt and a phosphate-binding
magnesium salt. In some embodiments, the calcium salt is
selected from the group consisting of calcium acetate, cal-
cium aceturate, calcium adipate, calcium alaninate, calcium
alginate, calcium aminobutyrate, calcium arginate, calcium
ascorbate, calcium aspartate, calcium benzoate, calcium
besylate, calcium betainate, calcium bromide, calcium
buteprate, calcium butyrate, calcium caproate, calcium carbe-
silate, calcium carbonate, calcium carboxymethylcellulose,
calcium carnitinate, calcium chloride, calcium ciclotate, cal-
cium citrate, calcium cypionate, calcium enanthate, calcium
esylate, calcium ethandisulfonate, calcium formate, calcium
fumarate, calcium glucarate, calcium gluceptate, calcium
gluconate, calcium glucuronate, calcium glutamate, calcium
glycinate, calcium hippurate, calcium hyclate, calcium
hydroxide, calcium iodide, calcium isethionate, calcium lac-
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tate, calcium lactobionate, calcium levulinate, calcium lysi-
nate, calcium malate, calcium maleate, calcium mesylate,
calcium metilsulfate, calcium methylsulfate, calcium naph-
thoate, calcium napsylate, calcium nicotinate, calcium
nitrate, calcium oleate, calcium orotate, calcium oxide, cal-
cium oxoglurate, calcium pamoate, calcium pantothenate,
calcium picolinate, calcium pivalate, calcium polygalactur-
onate, calcium propionate, calcium sorbate, calcium steag-
late, calcium stearate, calcium stearyl-2-lactylate, calcium
succinate, calcium sulfate, calcium sulfite, calcium tartrate,
calcium tebutate, calcium tosylate, calcium triflutate, calcium
xinafoate, and combination thereof. In some embodiments,
the phosphate-binding magnesium salt is selected from the
group consisting of magnesium aminobutyrate, magnesium
arginate, magnesium aspartate, magnesium betainate, mag-
nesium carnitinate, magnesium glycinate, magnesium
hydroxide, magnesium lysinate, magnesium oxide, magne-
sium propionate, and combination thereof. In some embodi-
ments, the calcium salt is calcium acetate, and the phosphate-
binding magnesium salt is magnesium glycinate.

In some embodiments, the mass ratio of the calcium salt to
the phosphate-binding magnesium salt is between about
100:1 and about 1:100. In some embodiments, the mass ratio
of the calcium salt to the phosphate-binding magnesium salt
is between about 10:1 and about 1:10. In some embodiments,
the mass ratio of the calcium salt to the phosphate-binding
magnesium salt is between about 3:1 and about 1:3. In some
embodiments, the mass ratio of the calcium salt to the phos-
phate-binding magnesium salt is between about 2:1 and about
1:2. In some embodiments, the mass ratio of the calcium salt
to the phosphate-binding magnesium salt is between about
3:2 and about 2:3. In some embodiments, the mass ratio of'the
calcium salt to the phosphate-binding magnesium salt is
between about 5:4 and about 4:5. In some embodiments, the
mass ratio of the calcium salt to the phosphate-binding mag-
nesium salt is about 1:1. In some embodiments, the mass ratio
of the calcium salt to the phosphate-binding magnesium salt
is about 10:9.

In some embodiments, the phosphate-binding magnesium
saltis present in an amount that provides about 20 mg to 1200
mg magnesium. In some embodiments, the phosphate-bind-
ing magnesium salt is present in an amount that provides less
than 1200 mg magnesium. In some embodiments, the cal-
cium salt is present in an amount that provides about 20 mg to
1200 mg calcium. In some embodiments, the calcium salt is
present in an amount that provides less than 2000 mg (e.g.,
less than about 1800 mg, less than about 1600 mg, less than
about 1400 mg, less than about 1200 mg, less than about 1000
mg, less than about 800 mg, less than about 600 mg, less than
about 400 mg, less than about 200 mg) calcium.

Inventive compositions according to the invention can be
formulated for oral administration. In some embodiments,
inventive compositions are formulated as a nutritional
supplement. In some embodiments, inventive compositions
of the invention can be in a form of a tablet, a cachet, a hard
gelatin capsule, a soft gelatin capsule, a lozenge, suspension,
or a bead.

In some embodiments, inventive compositions further con-
tain an enteric coating. In some embodiments, the enteric
coating contains acetyltributyl citrate, carbomers, cellulose
acetate phthalate, cellulose acetate succinate, ethyl cellulose,
guar gum, hypromellose acetate succinate, hypromellose
phthalate, polymethacrylates, polyvinyl acetate phthalate,
shellac, tributyl citrate, triethyl citrate, white wax and/or zein

In some embodiments, compositions of the invention fur-
ther include one or more pharmaceutically acceptable excipi-
ents. In some embodiments, pharmaceutically acceptable
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excipients suitable for the invention include starch, a gum, an
alginate, a silicate, dextrose, gelatin, lactose, mannitol, sor-
bitol, sucrose, tragacanth, cellulose, methyl cellulose, micro-
crystalline cellulose, a methylhydroxybenzoate, a propylhy-
droxybenzoate, polyvinylpyrrolidone and/or talc.

The present invention further provides methods of treating
hyperphosphatemia by administering to a subject in need of
treatment any one of the compositions described herein.

In one aspect, the present invention provides a method of
treating hyperphosphatemia comprising administering to a
subject in need of treatment a calcium salt and a phosphate-
binding magnesium salt. In some embodiments, the phos-
phate-binding magnesium salt binds at least about 50 mg
phosphate per gram. In some embodiments, the phosphate-
binding magnesium salt is not magnesium carbonate.

In some embodiments, the calcium salt is administered in
an amount that provides about 20 mg to 1200 mg of calcium
per dose. In some embodiments, the calcium salt is adminis-
tered in an amount that provides less than about 600 mg
calcium per dose. In some embodiments, the calcium salt is
administered in an amount that provides less than about 2000
mg (e.g., less than about 1800 mg, less than about 1600 mg,
less than about 1400 mg, less than about 1200 mg, less than
about 1000 mg, less than about 800 mg, less than about 600
mg, less than about 400 mg, less than about 200 mg) calcium
per day.

In some embodiments, the phosphate-binding magnesium
saltis administered in an amount that provides about 20 mg to
1200 mg magnesium per dose. In some embodiments, the
phosphate-binding magnesium salt is administered in an
amount that provides less than about 1200 mg magnesium per
dose. In some embodiments, the phosphate-binding magne-
sium salt is administered in an amount that provides less than
about 4000 mg (e.g., less than about 3500 mg, less than about
3000 mg, less than about 2500 mg, less than about 2000 mg,
less than about 1500 mg, or less than about 1000 mg) mag-
nesium per day.

In some embodiments, the calcium salt and phosphate-
binding magnesium salt are administered four times a day. In
some embodiments, the calcium salt and phosphate-binding
magnesium salt are administered three times a day. In some
embodiments, the calcium salt and phosphate-binding mag-
nesium salt are administered twice a day. In some embodi-
ments, the calcium salt and phosphate-binding magnesium
salt are administered once daily.

In some embodiments, the calcium salt and phosphate-
binding magnesium salt are administered orally.

In some embodiments, the phosphate-binding magnesium
salt is administered with an enteric coating. In some embodi-
ments, the enteric coating contains acetyltributyl citrate, car-
bomers, cellulose acetate phthalate, cellulose acetate succi-
nate, ethyl cellulose, guar gum, hypromellose acetate
succinate, hypromellose phthalate, polymethacrylates, poly-
vinyl acetate phthalate, shellac, tributyl citrate, triethyl cit-
rate, white wax and/or zein.

In some embodiments, the calcium salt and phosphate-
binding magnesium salt are administered simultaneously. In
some embodiments, the calcium salt and phosphate-binding
magnesium salt are administered sequentially.

In some embodiments, the calcium salt is selected from the
group consisting of calcium acetate, calcium aceturate, cal-
cium adipate, calcium alaninate, calcium alginate, calcium
aminobutyrate, calcium arginate, calcium ascorbate, calcium
aspartate, calcium benzoate, calcium besylate, calcium
betainate, calcium bromide, calcium buteprate, calcium
butyrate, calcium caproate, calcium carbesilate, calcium car-
bonate, calcium carboxymethylcellulose, calcium carniti-
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nate, calcium chloride, calcium ciclotate, calcium citrate,
calcium cypionate, calcium enanthate, calcium esylate, cal-
cium ethandisulfonate, calcium formate, calcium fumarate,
calcium glucarate, calcium gluceptate, calcium gluconate,
calcium glucuronate, calcium glutamate, calcium glycinate,
calcium hippurate, calcium hyclate, calcium hydroxide, cal-
cium iodide, calcium isethionate, calcium lactate, calcium
lactobionate, calcium levulinate, calcium lysinate, calcium
malate, calcium maleate, calcium mesylate, calcium metil-
sulfate, calcium methylsulfate, calcium naphthoate, calcium
napsylate, calcium nicotinate, calcium nitrate, calcium ole-
ate, calcium orotate, calcium oxide, calcium oxoglurate, cal-
cium pamoate, calcium pantothenate, calcium picolinate, cal-
cium pivalate, calcium polygalacturonate, calcium
propionate, calcium sorbate, calcium steaglate, calcium
stearate, calcium stearyl-2-lactylate, calcium succinate, cal-
cium sulfate, calcium sulfite, calcium tartrate, calcium tebu-
tate, calcium tosylate, calcium triflutate, calcium xinafoate,
and combination thereof.

In some embodiments, the phosphate-binding magnesium
salt is selected from the group consisting of magnesium ami-
nobutyrate, magnesium arginate, magnesium aspartate, mag-
nesium betainate, magnesium carnitinate, magnesium glyci-
nate, magnesium hydroxide, magnesium lysinate,
magnesium oxide, magnesium propionate, and combination
thereof.

In some embodiments, the calcium salt and phosphate-
binding magnesium salt are administered at a mass ratio
between about 100:1 and about 1:100. In some embodiments,
the calcium salt and phosphate-binding magnesium salt are
administered at a mass ratio between about 10:1 and about
1:10. In some embodiments, the calcium salt and phosphate-
binding magnesium salt are administered at a mass ratio
between about 3:1 and about 1:3. In some embodiments, the
calcium salt and phosphate-binding magnesium salt are
administered at a mass ratio between about 2:1 and about 1:2.
In some embodiments, the calcium salt and phosphate-bind-
ing magnesium salt are administered at a mass ratio between
about 3:2 and about 2:3. In some embodiments, the calcium
salt and phosphate-binding magnesium salt are administered
at a mass ratio between about 5:4 and about 4:5. In some
embodiments, the calcium salt and phosphate-binding mag-
nesium salt are administered at a mass ratio of about 1:1. In
some embodiments, the calcium salt and phosphate-binding
magnesium salt are administered at a mass ratio of about 10:9.

In some embodiments, the calcium salt is calcium acetate,
and the phosphate-binding magnesium salt is magnesium
glycinate. In some embodiments, the calcium acetate is
administered at a dose of about 340 mg and the magnesium
glycinate is administered at a dose of about 300 mg.

In yet another aspect, the present invention provides a
method of treating hyperphosphatemia by administering to a
subject in need of treatment a phosphate-binding magnesium
salt, wherein the phosphate-binding magnesium salt binds at
least about 50 mg phosphate per gram.

In still another aspect, the present invention provides a
method of treating hyperphosphatemia by administering to a
subject in need of treatment a phosphate-binding magnesium
salt, wherein the phosphate-binding magnesium salt is not
magnesium carbonate.

In some embodiments, the phosphate-binding magnesium
saltis administered in an amount that provides about 20 mg to
1200 mg magnesium per dose. In some embodiment, the
phosphate-binding magnesium salt is administered in an
amount that provides less than about 1200 mg magnesium per
dose. In some embodiments, the phosphate-binding magne-
sium salt is administered in an amount that provides less than
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about 4000 mg (e.g., less than about 3500 mg, less than about
3000 mg, less than about 2500 mg, less than about 2000 mg,
less than about 1500 mg, or less than about 1000 mg) mag-
nesium per day.

In some embodiments, the phosphate-binding magnesium
salt is administered four times a day. In some embodiments,
the phosphate-binding magnesium salt is administered three
times a day. In some embodiments, the phosphate-binding
magnesium salt is administered twice a day. In some embodi-
ments, the phosphate-binding magnesium salt is adminis-
tered once daily.

In some embodiments, the phosphate-binding magnesium
salt is administered orally. In some embodiments, the phos-
phate-binding magnesium salt is administered in a form of a
tablet, a cachet, a hard gelatin capsule, a soft gelatin capsule,
a lozenge, suspension, or a bead.

In some embodiments, the phosphate-binding magnesium
salt is administered with an enteric coating. In some embodi-
ments, a suitable enteric coating contains acetyltributyl cit-
rate, carbomers, cellulose acetate phthalate, cellulose acetate
succinate, ethyl cellulose, guar gum, hypromellose acetate
succinate, hypromellose phthalate, polymethacrylates, poly-
vinyl acetate phthalate, shellac, tributyl citrate, triethyl cit-
rate, white wax and/or zein.

In some embodiments, the phosphate-binding magnesium
salt is administered in combination with another phosphate
binder (e.g., a calcium salt).

In some embodiments, the present invention can be used to
treat a subject in need of treatment for chronic kidney disease
and/or end-stage renal disease. In some embodiments, the
present invention can be used to treat a subject in need of
treatment for one or more disorders of phosphate metabolism
and/or impaired phosphate transport function.

In this application, the use of “or”” means “and/or” unless
stated otherwise. As used in this application, the term “com-
prise” and variations of the term, such as “comprising” and
“comprises,” are not intended to exclude other additives,
components, integers or steps. As used in this application, the
terms “about” and “approximately” are used as equivalents.
Any numerals used in this application with or without about/
approximately are meant to cover any normal fluctuations
appreciated by one of ordinary skill in the relevant art. In
certain embodiments, the term “approximately” or “about”
refers to a range of values that fall within 25%, 20%, 19%,
18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction
(greater than or less than) of the stated reference value unless
otherwise stated or otherwise evident from the context (ex-
cept where such number would exceed 100% of a possible
value).

Other features, objects, and advantages of the present
invention are apparent in the detailed description, drawings
and claims that follow. It should be understood, however, that
the detailed description, the drawings, and the claims, while
indicating embodiments of the present invention, are given by
way of illustration only, not limitation. Various changes and
modifications within the scope of the invention will become
apparent to those skilled in the art.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compositions and methods
for removing phosphate from a subject based on phosphate-
binding magnesium salts. In some embodiments, the present
invention provides compositions and methods for treating
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hyperphosphatemia using a phosphate-binding magnesium
salt or, a combination of phosphate-binding magnesium and
calcium salts.

Various aspects of the invention are described in detail in
the following sections. The use of sections is not meant to
limit the invention. Each section can apply to any aspect of the
invention. In this application, the use of “or” means “and/or”
unless stated otherwise.

Phosphate-Binding Magnesium Salts

The present invention is, in part, based on the discovery of
the unexpected unique features of the phosphate-binding
ability of magnesium salts. It was common chemical knowl-
edge that, like many metals (e.g., calcium), the divalent cat-
ions of magnesium are capable of forming highly insoluble
salts with the phosphate anion in aqueous solutions. However,
unlike calcium, the effort of developing therapeutic phos-
phate-binders based on magnesium salts was not successful
before the present invention. As described below, the present
inventors discovered that the ability of various magnesium
salts to bind phosphate under a condition simulating small
intestinal fluid (SIF) is surprisingly different than calcium
salts. It was a chemical dogma and theory that if a salt of
metallic cations that is more soluble in water than is the
corresponding phosphate salt, an insoluble phosphate salt
will form when that salt is mixed into a solution containing
phosphate. For example, the solubility of calcium chloride in
20° C. water is 745 g/L. and the solubility of calcium phos-
phate is 20 mg/L.. Therefore, calcium chloride is 37250 times
more soluble in water. When calcium chloride is mixed in
water with phosphate, an insoluble calcium phosphate pre-
cipitate forms as expected. The solubility of magnesium chlo-
ride is 546 g/, in water, and the solubility of magnesium
phosphate is 0.26 mg/L. Therefore, magnesium chloride is
2,100,000 times more soluble in water than magnesium phos-
phate. However, totally unexpectedly and unlike calcium,
when a solution of magnesium chloride was mixed with a
phosphate solution simulating small intestinal fluid (SIF), no
insoluble magnesium phosphate precipitate forms. As
described in the Examples section, upon testing numerous
magnesium salts for their ability to form insoluble magne-
sium phosphate in a solution similar to SIF, the inventors of
the present application discovered that only a few magnesium
salts would effectively precipitate phosphate from SIF. Result
from each magnesium salt was unexpected.

In addition, the present inventors further discovered that
magnesium salts and calcium salts may interact differently
with stomach acid which contains an overwhelming amount
of HCl. As described in the Examples section, certain active
magnesium salts (e.g., magnesium oxide or hydroxide) may
react with stomach acid (HCI) to form magnesium chloride
(which, as described above, would not be able to precipitate
phosphate in SIF) and thus lose their ability to precipitate
phosphate in SIF (see, Example 3). Therefore, it is desirable
to enteric coat magnesium salts, in particular, those magne-
sium salts that are capable of reacting with stomach acid
(HCI) (referred to as “active magnesium salts” in this appli-
cation) such that magnesium salts are protected from stomach
acids. Unlike magnesium, calcium salts typically will not lose
its ability to precipitate phosphate in SIF after reacting with
the stomach acid (HCI) because converted calcium chloride,
as described above, readily precipitates phosphate from SIF.
Therefore, any calcium salt (acetate, carbonate, etc) absent
any enteric coating should still be an effective phosphate
binder in humans.

As used herein, the term “phosphate-binding magnesium
salts” refers to any magnesium-containing salts that are
capable of binding, precipitating, and/or removing phosphate
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from a mammalian subject under a physiological condition
(e.g., in small intestinal fluid) with or without an enteric
coating. As used herein, the term “enteric coating” or “enteric
film” refers to a barrier applied to, for example, oral medica-
tion containing magnesium salts that controls the location in
the digestive system where the medication is absorbed. Typi-
cally, enteric coatings prevent release of medication before it
reaches the small intestine. In some embodiments, enteric
coatings suitable for the present invention include surface
coatings that are stable at the highly acidic pH (e.g., pH ~3)
found in the stomach, but dissolve quickly at a less acidic
(relatively more basic) pH (e.g., (above pH 5.5). In some
embodiments, phosphate-binding magnesium salts suitable
for the invention include magnesium-containing salts that
bind at least about 25 mg (e.g., at least about 30 mg, 40 mg, 50
mg, 60 mg, 70 mg, 80 mg, 90 mg, 100 mg, 110 mg, 120 mg,
130 mg, 140 mg, 150 mg, 160 mg, 170 mg, 180 mg, 190 mg,
or 200 mg) phosphate per gram of magnesium salt. In some
embodiments, the phosphate-binding capacity of a magne-
sium salt can be characterized using various phosphate-bind-
ing assays known in the art. In some embodiments, the phos-
phate-binding capacity of a magnesium salt is characterized
in a solution simulating SIF. Exemplary phosphate-binding
assays in solutions simulating SIF are described in the
Example sections below. Additional phosphate-binding
assays are described in Rosenbaum et al. Nephrol. Dial.
Transplant. 12:961-964 (1997); and Lowry & Lopez J. Biol.
Chem. 162:421-428 (1946), the teachings of which are incor-
porated by reference herein.

Specific phosphate binding capacity of exemplary magne-
sium salts are described in Example 2 (see Tables 2-5).

In some embodiments, phosphate-binding magnesium
salts suitable for the invention include those magnesium salts
that bind more than 25 mg phosphate per gram. Such exem-
plary phosphate-binding magnesium salts include, but are not
limited to, magnesium aminobutyrate, magnesium arginate,
magnesium aspartate, magnesium betainate, magnesium car-
nitinate, magnesium glycinate, magnesium hydroxide, mag-
nesium lysinate, magnesium oxide, magnesium propionate,
and magnesium tartrate.

In some embodiments, phosphate-binding magnesium
salts suitable for the invention include those magnesium salts
that bind more than 50 mg phosphate per gram. Such exem-
plary phosphate-binding magnesium salts include, but are not
limited to, magnesium aminobutyrate, magnesium arginate,
magnesium aspartate, magnesium betainate, magnesium car-
nitinate, magnesium glycinate, magnesium hydroxide, mag-
nesium lysinate, magnesium oxide, and magnesium propi-
onate.

In some embodiments, phosphate-binding magnesium
salts suitable for the invention include those magnesium salts
that bind more than 100 mg phosphate per gram. Such exem-
plary phosphate-binding magnesium salts include, but are not
limited to, magnesium arginate, magnesium betainate, mag-
nesium carnitinate, magnesium glycinate, magnesium
hydroxide, magnesium lysinate, and magnesium oxide.

As described in the Examples section, certain phosphate-
binding magnesium salts identified by the present inventors
have much higher phosphate binding capacity than those
existing commercial phosphate binders, such as PhosLo®
(calcium acetate) and Renagel® (sevelamer hydrochloride)
(see Example 2). Thus, the present invention provides phos-
phate-binding magnesium salts that can be used for improved
and more effective therapies for hyperphosphatemia.
Phosphate-Binding Calcium Salts

In some embodiments, magnesium salts can be used in
combination with phosphate-binding calcium salts. Exem-
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plary calcium salts suitable for the present invention include,
but are not limited to, calcium acetate (Phosex®, PhosL.o®),
calcium aceturate, calcium adip